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Bovine Muscle Proteiné
IV. Preparation of Myosin and Actomyosin

For our early studies of bovine myosin?, several classi-

cal procedures2-4 for the preparation of rabbit myosin
were adapted. However, because of the size of the animals
used, and the slaughtering' techniques involved, muscle
samples generally are not available for extraction until

as much as 1 h after slaughter. During this period the pH.

of the muscle decreases much more than occurs in'the
short period (5-15 min) before extraction of rabbit myo-
sin is begun; this pH drop can be compensated for by
extraction with solutions of higher initial pH. Any further
delay results in greatly decreased yield, for myosin loses
extractability as the onset of rigor approaches (2-4 h
after slaughter for lean beef muscles).

For rabbit myosin, an extract containing the myosin
from 1 kg of muscle must be diluted to 35 1 in order to
precipitate the protein by the usual procedure®* of
lowering the ionic strength. To precipitate bovine myosin,
the ionic strength must be lowered more by diluting the
extract to 70 1; even then the protein is partially soluble,
and so the yield is poor. Further losses occur when adeno-
sinetriphosphate (ATP) is used to precipitate actomyosin.
Such preparations also are not always free of turbidity.
Moreover, bovine preparations using the procedure of
SzENT-GYORGYI® usually give a product which is unsatis-
factory, showing polydispersibility in the ultracentrifuge.

For our recent studies on the properties of bovine
myosin 5+, we have developed a more satisfactory method
of preparation, based in part on Dusuisson’s finding?
that actomyosin is precipitated at a lower concentration
of ammonium sulfate than is myosin.

We have found that ammonium sulfate solutions can be
used to extract myosin and actomyosin directly from the
muscle tissue. From the extract obtained, first actomyo-
sin, and then myosin, can be precipitated selectively by
increase in ammonium sulfate content. With this proce-
dure, the maximum volume of liquid needed isabout 61/kg
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of meat. Further, the yield of the final purified protein
generally is between 15 and 20 g/kg for myosin.

Bovine myosin can then be prepared in water-clear solu-
tions up to 3%, concentration in 0.6 4 KCI (pH 6.5). From
analysis of sedimentation patterns such as that shown
in the Figure, the intrinsic sedimentation coefficient
(Sg9,w) Of bovine myosin has been calculated to be 5.78
Svedberg units. Both ‘the customary ATPase’ and 5'-
adenylate deaminase activities are present in myosin and
the derived meromyosin ¢ products. These procedures have
-also been applied to the isolation of rabbit and lamb myo-
sins with comparable yields in both cases.

The procedure we have used is described below in detail
as it has been applied to bovine muscle tissue obtained
within 1 h after slaughter. The lean is separated quickly
from visible fat and connective tissue, sliced into thin
strips, chilled in ice and then ground in a pre-chilled
Hamilton Beach 8 grinder.

Each 500 g of ground tissue is washed twice with 1 1 of
cold 0.05M KCI solution; after each washing press out
the liquid through cheese-cloth. Make a slurry of the meat
residue with 11of cold 30%,-saturated ammonium sulfate?
solution (pre-adjusted with K,HPO, to pH 6.8). After 10
min of gentle stirring, add another liter of the same solu-
tion, and squeeze quickly through cheesecloth. Adjust the
PH between pH 6.5 and 7.0, and measure the volume of
the extract. Because of the liquid in the original meat resi-
due, the extract at this point contains about 25% -satur-
ated ammonium sulfate. For each liter of extract, add
120 ml of 909%,-saturated ammonium sulfate solution to
raise the concentration to 329, of saturation. Using the
GSA rotor with the Servall SS-3 centrifuge, separate out
the actomyosin pre01p1tate by centrifuging the mixture
at 9000 X g, 10 min, at 4°C.

The myosin in the supernatant can be premplta.ted by
carefully stirring in, for each liter of solution, 185 g of
finely granulated ammonium sulfate, thereby ‘bringing
its concentration up to 609, of saturation. The prepara-
tion is again centrifuged as above; the sediment contains
the myosin. For each 12 g (which is equivalent to 10 ml of
609%,-saturated ammonium sulfate solution), add 10 ml
of cold water, followed by an equal volume of cold 309,-
saturated solution; adjust the pH between pH 6.5 and -
7.0, if necessary.

Further purification is achieved by two or three re-
precipitations, until the color of trace amounts of myo-
globin is eliminated. After dissolving the myosin pellet
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with 5/6 vol of cold water, the solution at this point should
be almost completely clear. If not, it may be clarified by
adjusting to 339, of saturation, and centrifuging at
30,000 X g.

To remove the ammonium sulfate, the supernatant (ad-
justed to pH 7.0) should be-dialyzed at 4°C against 10 vol
of 0.6 M KCI. Change the dialysate every 3—4 h, until the
ammonium sulfiite has been removed. Since the pH of the
myosin solution decreases steadily during dialysis, it may
be necessary to open the tubing and adjust the pH during
the dialysis. The contents of the tubes are then centri-
fuged at 30,000 x g, 15 min, to give the final bovine
myosin preparation. If desired, a gelatinous precipitate
of myosin could be obtained at this point by dialysis
against water instead of the KCl solution. The purified
protein (yield: 15-20 g/kg meat) is then avallable for
further studies.

‘When an actomyosin preparation is desired, the extrac-
tion with 2 vol of 309,-saturated ammonium sulfate solu-
tion should be continued for 24 h. Immediately before
separation through cheesecloth, 2 1 of 209%,-saturated am-
monium sulfate should be added. The actomyosin can
then be prepared by precipitation at 30-35%, of satura-
tion, followed by redissolving at 209, of saturation. After
two reprecipitations, the ammonium sulfate can be re-
moved by dialysis as above, giving a yield of 10-20 g/kg
meat. An ultracentrifuge pattern of a typical preparation
is shown in the Figure.

Zusammenfassung: Es wird eine Methode zur Extrak-
tion und Reinigung von Myosin und Actomyosin aus
Rindermuskelgewebe mittels Ammoniumsulfat beschrie-
ben. Aus 1 kg Muskelfleisch wurden 15-20 g Myosin und
10-20 g Actomyosin gewonnen.
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The concentrations of ammonium sulfate solutions are expressed in
terms of its solubility in water at 25°C (S. P. Corowrck and N. O.
KAPLAN, Methods in Enzymology (New York 1955), vol. I, p. 76).
The solutions were all stored and used at 4°C.



